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INTRODUCTION 
Environmental conditions at planting and early in the growing 
season often determine the quality of a crop stand produced and can 
influence the amount or degree of weed pressure encountered. Traditional 
cropping practices that involve tilling the soil two to three times 
prior to planting, kill any existing weed seedlings and prepare a good 
seedbed for the crop. The faster, more complete germination of the 
crop seed puts it at a competitive advantage over slower and less uni­
formly germinating weed seeds. The use of herbicides to control sub­
sequently germinating weed species helps maintain the crop's competi­
tive advantage. 
Increased concern for soil conservation, especially in areas prone 
to erosion, has resulted in a trend towards reducing the amount of 
tillage performed during a season. The colder and often wetter soil 
conditions accompanying reduced or no tillage situations (Blevins et al., 
1971) may influence the germination, emergence, and growth of various 
plant species differently. 
The objective of this study was to determine how different tempera­
tures and seedbed tillage methods affect the emergence and early growth 
of corn and two prominent weed species, giant foxtail (Setaria faberi 
Herrm.) and velvetleaf (Abutilon theophrasti Medic.). Emphasis was 
placed on studying the effect of colder temperatures on the rate of 
emergence and growth of corn relative to the two weed species. 
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LITERATURE REVIEW 
Considerable research has been conducted investigating the effect 
of temperature on corn germination and growth. Significantly less 
information is available regarding the effect of temperature on vari­
ous weed species. Information concerning the rate of corn growth rela­
tive to weed growth under different environmental conditions is also 
limited. Much of the research involved in studying weed germination 
and growth has been on planted weed seeds, not on naturally occurring 
infestations. The response could vary considerably between the two. 
Temperature Effects on Corn Germination and Growth 
The influence of both air and soil temperatures on the rate of corn 
germination and growth has been widely studied. Lehenbauer (1914) found 
that the rate of growth of corn increased linearly at air temperatures 
of 10 to 30°C, was maximum at 30 to 31.7°C, and then decreased 
linearly at temperatures from 33 to 44°C. Blacklow (1972) reported that 
radicle and shoot elongation of germinating corn seed was greatest at 
about 30°C with no elongation occurring at temperatures of 9 and 40°C. 
Obendorf (1972) studied the relationship between internal kernel 
moisture and cold temperatures. He found low internal kernel moisture 
contents to be directly related to poor germination under cold tempera­
tures and that increasing the internal moisture to about 13% could pre­
vent chilling injury in corn. 
The effect of different air and soil temperatures on corn emergence 
was studied by varying planting dates (Harper et al., 1953). Optimum 
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corn emergence in the field occurred when planting dates were later in 
the season, the last one around mid-June. 
The effect of varying root zone temperatures independent of air tem­
peratures has been studied by several investigators. Knoll et al. (1954) 
reported that corn shoot and root dry weights increased with each in­
crease in temperature at root zone temperatures of 15, 20, and 25°C. 
When temperatures were reduced after 14 days to 15°C from either 20 or 
25°C, root dry weights were significantly reduced, but shoot dry weights 
were not affected. Beauchamp and Lathwell (1967) studied the effect of 
root zone temperatures on different corn growth stage intervals. They 
observed that the lower the root zone temperature, the longer it took to 
reach any one growth stage interval, and that the length of the interval 
from planting to the 2-leaf stage was less affected by a low root zone 
temperature than the interval from the 2-leaf to the 6-leaf stage. 
Cal and Obendorf (1972) noted that corn hybrids differed in their 
tolerance to cold root zone temperatures. At temperatures of 12, 16, 
and 20°C, seedlings emerged after 21, 15, and 5 days, respectively. 
They found that the lower root zone temperatures did not reduce percent 
survival but just delayed germination, and that approximately 2 more 
weeks were required to reach a comparable leaf number after seeding at 
each 4°C lower temperature. 
Corn emergence in relation to soil temperature and seeding depth 
was studied by Alessi and Powers (1971). Temperature had a much greater 
influence on corn emergence than seed depth; an increase in temperature 
from 13.3 to 26.7°C resulted in a significant reduction in the number 
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of days to emergence. Walker (1969) found maximum growth of 23-day-old 
corn seedlings, in terms of dry weights of roots and shoots, occurred 
at a soil temperature of 26°C. 
Soil temperatures have been altered in the field using different 
mulch treatments. Allmaras et al. (1964) reduced soil temperatures us­
ing a straw-mulch. They reported that corn dry matter production was 
directly related to the 10-cm soil temperature and estimated the 
optimum soil temperature for corn growth to be about 27.4°C. Burrows 
and Larson (1962) suggested that the primary factor responsible for 
reducing com growth where mulched soil is compared to unmulched soil 
is lower soil temperatures under the mulch. As the amount of mulch was 
increased, corn height and dry matter production were decreased progres­
sively. In 1959, van Wijk et al. observed no adverse affect on corn 
growth from the addition of mulch in southern regions where soil 
temperatures are more favorable for corn growth. In northern states, 
a 1.1°C reduction in soil temperatures due to the mulch treatments 
reduced the growth of corn relative to the unmulched treatments. 
Willis et al. (1957) increased soil temperatures in the field using 
heating cables. The higher soil temperatures increased the growth rate 
of corn and hastened emergence. They found that the most favorable 
soil temperature at the 10-cm depth for corn growth in central Iowa 
was about 23.8°C. 
In a study by Mederski and Jones (1963), soil temperatures were 
increased 5.5 to 8.3°C using heating cables. Corn emerged 5 days after 
planting in the heated soil and 9 days after planting in the unheated 
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soil. Corn heights and yields were significantly greater with the 
heated versus unheated soil. 
Jones and Mederski (1963) studied the effect of warmer soil 
temperatures using heating cables on different corn inbreds and noted 
that not all corn inbreds respond the same to changes in soil tempera­
tures. The warmer temperatures resulting from the heating cables 
increased fodder and ear yields of some inbreds but reduced the yields 
of others. 
Factors Affecting Giant Foxtail Germination and Growth 
Giant foxtail seeds have been found to possess some degree of seed 
dormancy which can contribute to its persistence and weedy nature. 
Stanway (1971) compared the germination of giant foxtail seeds in three 
stages of maturity: dark seed, green plump seed and immature green 
seed. Freshly harvested seed of all three types were almost completely 
dormant. A combination of prechilling the seed at 5°C and piercing 
the outer seed covering was effective in breaking dormancy. Dry storage 
at room temperature for one year also was effective in breaking dormancy. 
In contrast. King (1952) reported that scarification of the seed covering 
decreased subsequent germination. 
Taylorson (1972) found giant foxtail to be initially dormant when 
harvested and stored at -10°C, but after burial for 3 or 6 months, 
germination occurred readily, Fawcett and Slife (1975) also reported 
increased giant foxtail germination after overwintering in the soil. 
Accelerated after ripening treatments which involved subjecting the 
seeds to 50°C temperatures for 3 days also increased the percent 
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germination of giant foxtail (Taylorson and Brown, 1977). 
The role that light plays in promoting germination of giant foxtail 
seeds is not fully understood. Taylorson (1972) observed a slight in­
crease in percent germination with a five minute red light treatment, 
but the general conclusion drawn was that giant foxtail germination is 
basically light independent. Taylorson and Brown (1977) concluded there 
was no difference in germination between seeds exposed to light or those 
that had been kept in the dark. Fawcett and Slife (1975) noted increased 
germination of giant foxtail in the light versus the dark. Taylorson 
(1981) reduced giant foxtail germination by pretreating the seeds with 
a 2-day 35°C dark inhibition, but pretreating at 35°C with 0.1 M ethanol 
prevented the loss of dark germination. He then observed that pretreat­
ing the seed with 0.5 M ethanol inhibited subsequent dark germination, 
but that germination can be re-promoted by a single brief red irradia­
tion. Thus, ethanol was found to induce light sensitivity in usually 
light indifferent giant foxtail seeds. 
Information regarding the effect of different temperatures on giant 
foxtail germination is limited. Stanway (1971) reported alternating 
temperatures of 20 to 30°C were optimum for giant foxtail germination, 
while King (1952) observed alternating temperatures of 21 to 37°C to be 
most favorable for giant foxtail germination. Hendricks and Taylorson 
(1975) looked at the leakage of endogenous amino acids fron giant fox­
tail seeds with different temperature treatments and noted a rapid in­
crease in amino acid leakage at temperatures of 30 to 35°C. At the same 
temperature range, they found a rapid decrease in the percent 
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germination. They postulated that the increase in leakage was related 
to membrane transitions in the plasmalemma and that the transitions are 
the main factors limiting the most effective temperature range for seed 
germination. At 40°C, they found amino acid loss was almost 100%. 
Several researchers have examined the effect of applications of 
different compounds on giant foxtail germination. Fawcett and Slife 
(1978) studied the effect of field applications of ammonium nitrate but 
found no difference in the number of giant foxtail seedlings that 
emerged. In another study, Fawcett and Slife (1975) reported that 
applications of the carbamate herbicides butyl ate (S-ethyl diisobutyl-
thiocarbamate) and CDEC (2-chloroallyl diethyldithiocarbamate) increased 
the germination of giant foxtail. King (1952) noted that applications 
of potassium nitrate and sodium thiocyanate solutions increased giant 
foxtail germination. Applications of ethylene and several hydrocarbon 
gases did not promote a germination response in giant foxtail seeds 
(Taylorson, 1979). 
Pareja (1984) proposed that the germination and emergence of giant 
foxtail was directly related to the moisture available to the seeds. 
He studied the effect of soil aggregate size and irrigation frequency 
on giant foxtail germination and found that smaller soil aggregates pro­
moted increased giant foxtail emergence at lower irrigation frequencies 
than larger soil aggregates. When seeds were placed inside soil peds, 
a decrease in emergence with a higher frequency of irrigation was noted 
due to poor soil aeration. 
Several investigations have been conducted to determine giant 
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foxtail seedling emergence under different soil conditions. Kollman 
(1968) examined the effect of soil resistance on giant foxtail 
emergence and concluded that there was a negative linear relationship 
between seedling emergence and the physical resistance of the soil. He 
also reported that under conditions of high soil resistance, the 
emergence-of giant foxtail decreased as planting depth increased. Low 
resistance soils did not provide the same inhibition to emergence. 
King's (1952) results are in agreement with Kollman's (1968), whereby 
he noted giant foxtail emerged from 12 cm in a loose, well-aerated soil 
but only emerged from a depth of 3 cm in compacted soil. 
Tillage has been found to influence giant foxtail seedlings 
emergence. In 1974, de la Cruz reported that disking allowed for deeper 
giant foxtail emergence than where no tillage was conducted. In areas 
under no tillage, 50% of giant foxtail emerged from the upper 10 mm of 
the soil profile. Overall, 75-80% of the population emerged from the 
upper 40 mm. Becker (1978) reported similar results stating that with 
increased tillage depth, giant foxtail emerged from deeper depths. 
Most of the giant foxtail emerged from the top 1.25 cm. Time of 
emergence was also examined by Becker (1978) who found that emergence 
was dependent on rainfall with the majority of the giant foxtail popula­
tion emerging in early May. Lugo (1984) also noted that giant foxtail 
emergence was greatest early in the season. He reported that the great­
est number of giant foxtail seedlings emerged in areas under no tillage. 
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Factors Affecting Velvetleaf Germination and Growth 
Velvetleaf seeds attain maturity within 20 days after pollination 
(Winter, 1960a) and thereafter can be a problem in agricultural crop­
ping systems. The seed dormancy characteristics of velvetleaf make it 
a particularly troublesome weed, for once it has infested a field, it 
is virtually impossible to eradicate (Leuschen and Andersen, 1978; 
1980). Researchers have found varying degrees of dormancy present in 
freshly harvested seed. La Croix and Staniforth (1964) and Winter 
(1960b) reported about 12% germination of untreated velvetleaf seeds, 
while Burnside et al. (1981) and Egley and Chandler (1978) reported 44 
and 49% initial germination, respectively. Seed dormancy in velvetleaf 
has been attributed to a hard, impermeable seed coat (Crocker, 1906; 
La Croix and Staniforth, 1964; Winter, 1960b; Davis, 1917; Barton, 
1961). La Croix and Staniforth (1964) and Winter (1960b) reported that 
fractures in the seed coat in the chalazal slit region are primarily 
responsible for ending dormancy, and that embryo dormancy is not 
involved. Leuschen and Anderson (1980) proposed that there may be some 
embryo dormancy involved and that velvetleaf seed may possibly change 
from permeable to impermeable. Mulliken and Kust (1970) found that 
imbibition was most rapid when the chalazal region was wetted-but not-
submerged in water. 
Kirkpatrick and Bazzaz (1979) found velvetleaf seeds to be 
resistant to fungal invasion, thus reducing the amount of seed deteriora­
tion that may occur under natural field conditions and increasing the 
persistence of velvetleaf. 
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Several different methods have been used to break dormancy of 
velvetleaf. Everson (1949) suggested pretreating velvetleaf seeds by 
exposing them to 2 to 5°C temperatures for 2 days or dipping the seeds 
in boiling water for %to 1 minute. La Croix (1961) and Andersen 
(1968) also reported that treatment in hot water baths were effective 
in breaking seed dormancy. Immersion in sulfuric acid has been used 
to make the seed coat more permeable and thus increase velvetleaf 
germination (Khedir and Roeth, 1981; Steinbauer and Grigsby, 1959). 
Heating the seeds at 95°C (La Croix and Staniforth, 1964) or mechani­
cally scarifying the seed coat (Egley and Chandler, 1978; Khedir and 
Roeth, 1981; La Croix and Staniforth, 1964; Winter, 1960b) are also 
effective methods for artificially breaking velvetleaf seed dormancy. 
Storage of velvetleaf seeds appears to overcome some of the bar­
riers to germination. Sto!1er and Wax (1974) found an afterripening 
effect in velvetleaf as germination increased with time in laboratory 
storage. Steinbauer and Grigsby (1959) reported increased permeability 
of velvetleaf seeds after 1 year in laboratory storage. Egley and 
Chandler (1978) increased velvetleaf germination from 49 to 77% by dry 
(33% RH), low (4°C) temperature storage. 
Several researchers have studied the effect of burial on velvet-
leaf germination and emergence. Egley and Chandler (1978) observed an 
increase in germination after burial for 30 months, Burnside et al. 
(1981) reported greater germination of velvetleaf seeds in lots buried 
for 7 years over those that had only been buried for 3 to 5 years. 
Burial of velvetleaf seeds has been reported to induce a light 
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requirement for germination whereas previously no light requirement was 
evident (Holm, 1972; Holm and Miller, 1972; Stoller and Wax, 1974). 
In contrast, Fawcett and Slife (1975) found velvetleaf to initially 
show some light-stimulated germination in the fall but no light response 
after burial over winter. 
The effect of different temperatures on velvetleaf germination has 
been studied by some researchers. Winter (1960b) reported 100% germina­
tion of scarified, 1-year-old seed within 2 days at alternating night/day 
temperatures of 20/30°C or 20/35°C. At 15°C, 100% germination occurred 
within 4 days. Mulliken et al. (1970) observed 3 distinct phases in 
velvetleaf embryo growth at 31°C: rapid growth from 24 to 36 hours 
which was preceded and followed by slower growth. Everson (1949) sug­
gested that a temperature of 35°C be used for laboratory germination of 
velvetleaf seeds. Hendricks and Taylorson (1976) studied the leakage of 
amino acids from velvetleaf seeds in a range of temperatures from 15 to 
40°C. They concluded that very little amino acid leakage occurred in 
that temperature range and found that germination increased with 
temperature increases up to 40°C. This suggests that velvetleaf is 
tolerant to relatively high temperatures. Kollman (1968) reported a 
differential temperature response in velvetleaf emergence from soils of 
varying physical resistance. The optimum temperature for emergence in 
soils of low physical resistance was 15°C, whereas emergence in soils 
of high resistance was more favorable at 20°C. Frazee and Stoller 
(1974) studied the effect of 3 temperature regimes on velvetleaf 
emergence in the growth chamber. The rate of emergence was enhanced as 
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the temperature was increased from alternating day/night temperatures 
of 18/12°C to 24/18°C and finally to 30/24°C. They compared the growth 
rate of velvetleaf to that of corn and found that after emergence, corn 
grew at a faster rate under all temperature regimes. 
The depth from which velvetleaf emerges has received some research 
attention although in many instances observations were taken on seeds 
planted in the field, not on the natural population present. The con­
clusions drawn may not accurately reflect what would occur under normal 
field conditions, Stoller and Wax (1973) reported that velvetleaf 
emerged equally well from depths of 5.1, 2.5 and 1.3 cm, but found only 
4% emergence from depths of 10.2 cm and no emergence from 15.2 cm. 
Chandler and Dale (1974) found that velvetleaf emergence was greatest at 
1.9 cm but seedlings also emerged well from a depth of 7.6 cm. Dekker 
(1979) noted that velvetleaf emerged from depths ranging from 1 to 4 cm. 
Herr and Stroube (1970) observed that the number of velvetleaf seedlings 
that emerged decreased as depth of planting was increased from 2.5 to 
15 cm. Kollman (1968) found velvetleaf emergence was not affected by 
planting depths between 1.25 and 5 cm under soil conditions of low 
physical resistance, but with high resistance soils emergence decreased 
as the planting depth was increased. He also noted that in high 
resistance soils, velvetleaf emergence was proportional to planting 
density. 
The effect of tillage on velvetleaf emergence has been studied 
by a few investigators with some contrasting results. In 1974, de la 
Cruz reported that 75-80% of seedlings emerged from the upper 40 nm of 
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soil profile in tilled areas whereas in no till areas 50% emerged from 
the upper 10 mm, Lugo (1984) reported the greatest number of seedlings 
emerged in areas receiving no tillage. Becker (1978) noted emergence 
was very dependent on rainfall but did not find any significant dif­
ferences in velvetleaf emergence with tillage depths of 0, 2.5 and 
5-7.5 cm. 
Emergence of velvetleaf in the field is maximum in spring and 
early summer depending on the geographical locations. Stoller and Wax 
(1973) monitored velvetleaf emergence in Central Illinois and observed 
large flushes in April with smaller flushes occurring in May and June 
after rainfalls exceeding 2 cm. In Iowa, velvetleaf emergence was 
highest in early May (Becker, 1978; Lugo, 1984). Dekker (1979) found 
that velvetleaf emergence in Michigan was maximum in mid-June, then 
continued at low levels until fall. 
Pareja (1984) observed that velvetleaf germination was a function 
of the moisture available to the seed which depended on soil aggregate 
size and irrigation frequency. 
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MATERIALS AND METHODS 
Germination studies evaluated the effect of temperature on the 
percent germination of corn, giant foxtail, and velvetleaf. Growth 
chamber studies were initiated to assess the influence of temperature 
on the emergence and rate of growth of the three species and to 
determine if there were any differences in plant temperatures with dif­
ferent growth chamber temperatures. A field study was designed to 
evaluate differences in the emergence and relative rates of growth of 
corn, giant foxtail, and velvetleaf under different environmental 
and cultural conditions by varying the date of planting and depth of 
tillage. A second field study examined the effect of different soil 
temperature and tillage treatments on the emergence and early growth of 
corn and the two weed species. 
Germination Studies 
Germination tests evaluated the effect of 5 different temperature 
regimes: constant temperatures of 10, 20, and 25°C and alternating 
16 hour night/8 hour day temperatures of 15/25 and 20/30°C. Four repli­
cations of 100 seeds were used for each species tested. Corn (Mol7 x 
(r) 
B73) seeds were placed on trays containing 2 Kimpac^ sheets moistened 
with water. Giant foxtail and velvetleaf seeds tested had been 
harvested at Ames, Iowa, in the fall of 1982 and stored at 5°C. Velvet-
leaf seeds were pretreated, to fracture the seed coat and increase 
permeability, by placing than in a 70°C oven for 15 minutes. Giant fox­
tail and velvetleaf seeds were placed on 2 blotters moistened with water 
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and set in the bottom of 16 x 28 cm clear plastic crispers. Germina­
tions tests were run for 7 days after which the percent germination 
of each species was determined. Seeds were considered germinated if 
the radicle protruded out of the seed coat. Percent germination of 
each species at the different temperatures were compared using the 
Least Significant Different test at the 5% level. 
Growth Chamber Studies 
Five temperature regimes were used to determine differences in the 
relative rate of emergence and early growth of corn and the two weed 
species with different temperatures. Alternating 14 hour day/10 hour 
night temperatures of 14/9, 24/9, 20/10, 25/15, and 35/25°C were evalu­
ated. Corn (Mol7 x B73), giant foxtail, and velvetleaf seeds were 
planted in 35 x 49.5 cm flats that had been filled to a depth of 8 cm 
with a Webster silty clay loam soil with 5% organic matter. The giant 
foxtail and velvetleaf seeds used had been harvested at Ames, Iowa, in 
the fall of 1982 and stored at 5°C. Velvetleaf seeds were placed in a 
70°C oven for 15 minutes prior to planting to fracture the seed coat. 
Forty seeds of each species were placed in separate flats. Corn seeds 
were planted 2.5 cm deep, giant foxtail seeds were placed 6 mm deep, 
and velvetleaf seeds were 1.25 cm deep. Observations were taken daily 
on the number of plants of each species that emerged. Plant heights, 
measured from the soil surface to the uppermost leaf extension, were 
recorded every 2-3 days until a height of 30 cm was reached, or for 50 
days whichever came first. Separate plants of each species were grown 
in individual 10.5 cm diameter clay pots to insure that competition 
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between plants in a flat was not a factor affecting the growth rates. 
To determine if there were any large differences in the regulation 
of plant temperatures by the three species, a separate growth chamber 
study was initiated. Four seeds of each species were placed in separate 
10.5 cm diameter clay pots that were filled with a Webster silty clay 
loam soil with 5% organic matter. After emergence, pots were thinned 
to two plants/pot. Eight replications were used in a randomized block 
design. Two temperatures were evaluated, 19 and 9°C. Leaf surface 
temperatures were taken daily for 7 days using an Everest Interscience 
Infrared Thermometer. 
Field Studies—Planting Date x Tillage Method Study 
A field study was designed to evaluate the effect of different 
planting dates, and thus environmental conditions, and tillage depths on 
the emergence and early growth of corn, giant foxtail, and velvetleaf. 
The experiment was conducted at Curtiss farm, Ames, Iowa, in the spring 
of 1983 on a Clarion-Webster silty clay loam soil with 5% organic mat­
ter and a pH of 6.5. A randomized split-plot design with 4 replications 
was used with planting dates as the main plots. Due to extensive rain 
early in the season, the first planting date was not possible until 
April 29, 1983; thereafter, plantings were made at approximately 2-week 
intervals on May 12, May 27, and June 6 and are referred to as D^-D^. 
Each main plot measured 6.1 m wide and 9.1 m long. Subplots were 
depths of tillage, each measuring 6.1 m wide and 3.1 m long. Three 
depths of tillage were evaluated, 0 cm (no tillage), 5-7 cm, and 10-12 
cm. Soybeans were grown the previous year. No tillage treatments had 
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approximately 70% soybean residue coverage. Tilled treatments were 
less than 10% covered. 
Corn (Mol7 x B73) was planted 5 cm deep at 60,542 seeds ha'^ in 75 
cm rows using a John Deere 7000 planter. Paraquat was applied at 0.84 kg 
ha~^ in 280.6 liter ha"^ water and 2.1 kg cm"^ pressure at 3.22 km hr"^ 
either one day prior to or on the day of planting to kill any existing 
vegetation. Tillage to the desired depth was performed using a rotovator 
on the day of planting. 
Soil temperatures were monitored using a Campbell Scientific CR21 
Micrologger. Two temperature probes were inserted in each of the 3 
tillage treatments of at a depth of 2.5 cm in the no tillage and 5-7 
cm tillage plots and 8 cm deep in the 10-12 cm tillage plot. The daily 
maximum, minimum, and average soil temperatures from the 2 probes in 
each plot were averaged and a Least Significant Difference test calcu­
lated on the means for the period May 27 through July 14. Daily maximum 
and minimum air temperatures were taken at the Ames 8WSW station by the 
National Weather Service. 
The number of emerged corn, giant foxtail, and velvetleaf seedlings 
was counted twice for each planting date and tillage treatment. The 
first counts were made on May 23, May 26, June 8, and June 13, for 
D^-Dg, respectively. Final counts were taken on June 9, June 8, June 22, 
and June 22 for D^-D^, respectively. Values for corn seedling counts 
represent the number of emerged plants in 4 rows, 3 m in length. All 
observations taken on giant foxtail and velvetleaf seedlings are on the 
naturally occurring weed populations. Giant foxtail seedling counts 
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were taken in a 0.14 m area. The counts for velvet!eaf involve a 3 m 
area. Analysis of variance and Least Significant Difference tests were 
run on treatment effects. 
Dry matter accumulation data were used to compare the relative rates 
of growth of corn and the two weed species under the different treat­
ments. Ten plants of each species were cut at the soil surface, oven 
dried at 75°C for 48 hours, and the dry weights measured. Samples were 
harvested 41 days after each planting date on June 9, June 22, July 7, 
and July 17 for D^-D^, respectively. Analysis of variance and Least 
Significant Difference tests were used to assess treatment effects. 
To further compare the relative growth rates, plant heights, leaf 
development, and dry weights of 5 plants of each species in each of the 
tillage treatments of Dg were monitored. Plant heights, taken from the 
soil surface to the uppermost leaf extension, were measured 14, 19, 34, 
and 46 days after planting. The number of leaves present was evaluated 
19, 34, and 46 days after planting. After 46 days, the plants were cut 
at the soil surface, oven dried at 75°C for 48 hours, and the individual 
plant weights taken. Analysis of variance tests were computed for the 
plant height, leaf development, and dry weight data. The Least Signifi­
cant Difference test was used to compare dry weight data. Correlation 
analyses were performed using leaf number and dry weight values. 
Field Studies—Soil Texmperature x Tillage Method Study 
Soil temperature x ti11 age method study 
The influence of soil temperature and tillage on the emergence and 
rate of growth of corn, giant foxtail, and velvetleaf was studied by 
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artificially increasing soil temperatures with heating cables. The 
experiment was conducted at Hinds farm, Ames, Iowa, in the spring of 
1983 on a Colo silt loam soil with 5% organic matter and a pH of 6.5. 
A randomized split-plot design with four replications was used. There 
were three main plot soil temperature treatments: no increase in soil 
temperature, temperatures increased 13 days after planting, and tempera­
tures increased at planting. Each main plot measured 1.22 m long and 
9.75 m wide. Main plots were divided in half to include two subplot 
tillage treatments, no tillage and tillage to a depth of 10-12 cm. 
Subplots measured 1.22 m long and 4.87 m wide. The crop the previous 
year was soybeans. No tillage treatments contained about 70% soybean 
residue coverage. Tilled treatments were less than 10% covered. 
Corn (Mol7 x B73) was planted 3.75 cm deep in 76 cm rows at 138,382 
seeds ha~^ on April 29, 1983, using a John Deere 7000 planter. Tillage 
was performed using a tractor-mounted tandem disk. Two 18.3 m loop 
cables running the width of the plot were inserted 8 cm deep and 20 cm 
apart in each main plot treatment involving a soil temperature increase. 
The heating cables were laid perpendicular to the corn rows. 
Maximum daily soil temperatures at the 2.5 cm depth were monitored 
using a Campbell Scientific CR21 Micrologger. Two temperature probes 
were inserted in representative plots of no tillage and tilled, with and 
without heating cables. Soil surface temperatures were measured with an 
Everest Interscience Infrared Thermometer. The soil surface temperatures 
of 10 randomly selected areas in each plot were averaged, and analysis of 
variance and Least Significant Difference Tests were used to compare the 
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different treatment effects. 
Soil and leaf surface temperatures of corn, giant foxtail, and 
velvetleaf were compared using the infrared thermometer. Five plants of 
each species in each plot were selected for monitoring. The soil surface 
temperatures at the base of each plant and the leaf surface temperatures 
were measured. Temperatures were taken when the sky was overcast at 
about 12:00 p.m. Care was taken to insure that leaf temperatures were 
taken on leaves having the same degree of angle to the sun. Correlation 
analysis of leaf surface and soil surface temperatures for the three 
species were performed. 
Population stand counts were taken two times during the growing 
season, 12 and 22 days after planting on May 11 and May 21. Corn 
seedling emergence, for the early counts taken 12 days after planting, 
was evaluated for 6 rows, 0.914 m in length. Giant foxtail and velvet-
2 leaf emergence was based on a 0.063 m area. Values for the second 
counts 22 days after planting represent the number of emerged corn, 
p 
giant foxtail, and velvetleaf seedlings in a 0.14 m area. Analysis of 
variance and Least Significant Difference tests were used to evaluate 
the different treatment effects. 
Dry matter accumulation data were used to compare the effect of in­
creased soil temperatures, with and without tillage, on the relative 
rates of growth of corn, giant foxtail, and velvetleaf. Ten plants of 
each species were cut at the soil surface, oven dried at 75°C for 48 
hours, and the dry weights measured. Plants were harvested 38 days after 
planting on June 6, 1983. Treatment effects were assessed through 
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analysis of variance and Least Significant Difference tests. 
Further comparisons in the relative rates of growth of the three 
species were made by monitoring plant heights. Five plants of each 
species in each plot were selected. Heights, taken from the soil 
surface to the uppermost leaf extension, were measured 33, 40, and 47 
days after planting. Analysis of variance and Least Significant Dif­
ference tests were used to evaluate the data. 
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RESULTS 
Germination Studies 
The effect of five different temperature regimes on the germina­
tion of corn, giant foxtail, and velvetleaf was studied to determine 
the differential response of the three species to a relatively wide 
range of temperatures. Of the five temperature treatments studied, the 
10°C treatment was the only one that resulted in a significant reduc­
tion in the percent com germination (Table 1). These and all other 
Table 1. Percent germination of corn, giant foxtail, and velvetleaf 
seeds after 1 week at temperatures of 10°, 20°, 25°» 15-25°, 
and 20-30° C, Ames, Iowa, 1983 
Temperature 
(°C) 
Germinati on (%) 
Corn Gif ta Vele^ X 
10 64 3 83 50 
20 97 69 84 83.3 
25 95 69 66 76.6 
15-25 95 57 79 77 
20-30 96 63 81 80 
Y 89.4 52.2 78.6 
LSD (5% level) 3.06 15.28 3.0 
^The abbreviations 'Gift' for giant foxtail and 'Vele' for velvet-
leaf are used in this and succeeding tables. 
means in this paper were compared using the Least Significant Difference 
test. Although statistically no direct conclusions can be drawn, there 
appears to be an inhibition of giant foxtail germination with the 10°C • 
treatment compared to the other warmer temperature treatments. Percent 
23 
velvetleaf germination was significantly lower with the 25°C temperature 
treatment, but showed no inhibition of germination with the 10°C treat­
ment. Thus, velvetleaf appears to be the most cold tolerant of the 
three species. 
Growth Chamber Studies 
Growth chamber studies were undertaken to allow for more direct 
comparisons of the effect of different temperatures on the relative 
rates of corn, giant foxtail, and velvetleaf emergence and early growth 
than would be possible with field studies. Emphasis was placed on 
studying colder temperatures to learn more how the various plant species 
will react to colder environments such as what might be encountered 
with a cold, wet spring, particularly in no tillage situations. In ad­
dition, a separate study was conducted to determine if any of the three 
species maintained or regulated their leaf temperature above or below 
the air temperature of the environment. 
Temperature effects on seedling emergence 
rates and percent emergence 
The effect of the different temperature regimes on corn emergence 
is shown in Figure 1. The warmest temperature treatment of 35-25°C 
resulted in the quickest emergence with about 89% of the corn emerging 
within 8 days. Corn emergence at the 25-15°C treatment was faster than 
the remaining temperature treatments until 9 days after planting, at 
which point the rate of corn emergence in the 20-10°C treatment exceeded 
it. The 24-9°C treatment resulted in slightly slower corn emergence 
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Figure 1. Effect of the five temperature regimes on the percent and 
rate of corn emergence, Ames, Iowa, 1983 
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than the 20-10°C treatment during the first 9 to 10 days after plant­
ing; thereafter corn emergence in the 24-9° treatment was considerably 
less than the 20-10°C treatment. Slower emergence in the 24-9°C treat­
ment than the 20-10°C treatment is contrary to what generally would be 
expected as a four degree increase in the daytime temperature would 
presumably have a greater positive effect on seedling emergence than 
the negative effect of a one degree decrease in the nighttime tempera­
ture. Possibly the wider range in temperatures encountered with the 
24-9°C treatment was too extreme a change and thus did not promote corn 
germination and emergence comparable to the 20-10°C treatment. The 
rate of corn emergence with the 14-9°C treatment was much slower than 
the other treatments with no emergence evident until 21 days after 
planting. 
Figure 2 illustrates the effect of the various temperature treat­
ments on giant foxtail emergence. The 35-25°C treatment again provided 
the most favorable environment for early seedling emergence. The rate 
of giant foxtail emergence with the 25-15°C treatment was relatively 
close to the 35-25°C treatment. Giant foxtail emergence in the 20-10°C 
treatment was faster than with the 24-9°C treatment for the first 9 
days, the same effect that was observed with corn, but then the weed 
seedling emergence rate with the 24-9°C treatment exceeded that in the 
20-10°C treatment. Faster emergence with the 24-9°C treatment than the 
20-10°C treatment is generally the anticipated result. The 14-9°C 
treatment resulted in considerably slower giant foxtail emergence than 
any of the other treatments with no emergence occurring until 24 days 
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Figure 2. Effect of the five temperature regimes on the percent and 
rate of giant foxtail emergence, Ames, Iowa, 1983 
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after planting, slightly slower than the rate of corn emergence at 
these temperatures. 
Temperature treatments of 35-25° and 25-15°C provided conditions 
most favorable for fast velvetleaf emergence with most of the seedlings 
emerging within 7 days after planting (Figure 3). Velvetleaf emergence 
with the 20-10°C treatment was faster than with the 24-9°C temperature 
regime for the first 7 days after planting, but then emergence in the 
24-9° C environment far exceeded that of the 20-10°C treatment. While 
velvetleaf seedlings were slower to emerge with the 14-9°C treatment in 
the beginning with no observable emergence until 15 days after planting, 
the rate then increased and surpassed the rates of emergence that 
occurred with the other temperature treatments. These results concur 
with those obtained in the germination study in which there was no re­
duction in velvetleaf germination with the coldest temperature treat­
ment. 
The total percent of corn, giant foxtail, and velvetleaf that 
emerged with each of the different temperature regimes is summarized 
in Table 2. Emergence of both corn and giant foxtail was inhibited with 
the coldest temperature treatment. Corn emergence was also reduced with 
the 24-9°C treatment. Velvetleaf emergence was not adversely affected 
by the 14-9°C treatment substantiating other data that infer it is the 
most cold tolerant of the three species. 
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Figure 3. Effect of the five temperature regimes on the percent and 
rate of velvetleaf emergence, Ames, Iowa, 1983 
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Table 2. Percent emergence of corn, giant foxtail, and velvetleaf with 
five different temperature regimes in the growth chamber, 
Ames, Iowa, 1983 
Temperature Emergence (%) 
(°C) Corn Gift Vele 
A 
14-9 45.80 18.75 65.00 43.18 
24-9 66.60 62.50 57.50 62.20 
20-10 96.40 51.25 35.00 60.88 
25-15 85.70 70.00 52.50 69.40 
35-25 89.30 72.50 42.50 68.10 
Y 76.76 55.00 50.50 
Temperature effects on relative rates of 
emergence and growth 
Evaluations were taken on the time required for emergence of 10 
plants of each test species and on the subsequent increase in plant 
height over time of those plants in order to make comparisons of the 
effect of temperature on the relative growth rates of the three species. 
At the coldest temperature regime of 14-9°C (Figure 4), velvet-
leaf emerged first, the required 10 plants emerging within 19 days 
after planting. Corn and giant foxtail emerged 5 days later. Velvet-
leaf plant height was greater than the other 2 species for the first 
42 days following planting, but then corn growth surpassed it. Giant 
foxtail growth was slower than velvetleaf and corn throughout the 50-
day experiment, reaching an average final height of about 2.5 cm. The 
average corn height 50 days after planting was 6.2 cm, and velvetleaf 
had reached a height of 5.2 cm. 
Velvetleaf emerged before corn and giant foxtail with the 24-9°C 
treatment (Figure 5) as it did with the 14-9°C temperature treatment. 
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Figure 4. Time required for emergence of 10 plants of corn, giant fox­
tail, and velvetleaf and the subsequent rate of growth of 
each species at 14-90C in the growth chamber, Ames, Iowa, 
1983 
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tail and velvetleaf and the subsequent rate of growth of each 
species at 24-9°C in the growth chamber, Ames, Iowa, 1983 
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although emergence of all three species was about twice as fast. 
Velvetleaf emerged in 8 days, while corn and giant foxtail took 10 
days. Once emerged, corn grew at the fastest rate and exceeded 30 cm 
in height within 15 days after emergence (25 days after planting). At 
that time, the previously slower growing giant foxtail exceeded velvet-
leaf in height and continued to grow at a faster rate, reaching greater 
than 30 cm in height 39 days after emergence (49 days after planting). 
At the end of the experiment, velvetleaf was an average height of 12.7 
cm. 
Seedling emergence was slightly more favorable with the 20-10°C 
treatment (Figure 6) over the 24-9°C treatment as all three species 
emerged 7 days after planting. Within 2 days after emergence corn 
height had exceeded the two weed species but the growth rate was not as 
fast as occurred with the 24-9°C treatment. The average corn height 43 
days after emergence (50 days after planting) was only 20 cm. Velvet-
leaf was greater in height than giant foxtail for the first 6 days 
after emergence, but then the growth rate of giant foxtail was consider­
ably faster. Giant foxtail was close to corn in height at 18.2 cm 43 
days after emergence, while velvetleaf was only 4.3 cm. Thus, it appears 
that the 20-10°C treatment is slightly more conducive to early emergence 
than the wider fluctuating 24-9°C treatment but the 4 degree higher day­
time temperature of the latter is much more favorable for seedling 
growth. 
The time required for emergence at the 25-15°C treatment (Figure 7) 
was equal to the 20-10°C treatment; all three species emerged 7 days 
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Figure 6. Time required for emergence of 10 plants of corn, giant fox­
tail and velvetleaf and the subsequent rate of growth of each 
species at 20-10°C in the growth chamber, Ames, Iowa, 1983 
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Figure 7. Time required for emergence of 10 plants of corn, giant fox­
tail, and velvetleaf and the subsequent rate of growth of each 
species at 25-150C in the growth chamber, Ames, Iowa, 1983 
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after planting. Corn growth was again faster than the two weed species 
reaching 30 cm in height 18 days after emergence (26 days after plant­
ing). The rate of growth of giant foxtail was greater than velvetleaf 
with this temperature regime. It was 30 cm in height 33 days after 
emergence (40 days after planting). By the end of this experiment and 
43 days after emergence, velvetleaf had attained a height of 12.6 cm. 
There was virtually no difference in the average height of velvetleaf 
50 days after planting with the 24-9° or the 25-15°C temperature 
treatments. Corn's growth rate was slightly faster with the 24-9°C 
treatment than with the 25-15°C treatment, whereas the rate of growth 
of giant foxtail was enhanced more by the 25-15°C temperature regime. 
The 35-25°C treatment provided the most favorable environment for 
early emergence for all three species with emergence occurring within 4 
days (Figure 8). Corn growth at this temperature was very fast and an 
average height of 30 cm was attained 7 days after emergence (11 days 
after planting). Due to mechanical problems with the growth chamber, 
the 35-25°C treatment was continued for only 11 days so the rate of 
growth of giant foxtail and velvetleaf after this time cannot be deter­
mined. The data do show that velvetleaf was greater in height than 
giant foxtail at first; but then after 6 days, the reverse was true. 
Giant foxtail was 7 cm in height and velvetleaf was 5.7 cm 7 days after 
emergence (11 days after planting). 
Leaf temperatures 
The leaf temperatures of corn, giant foxtail or velvetleaf did not 
vary more than 1.2°C from air temperatures of 19° and 9°C (Table 3). 
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Figure 8. Time required for emergence of 10 plants of corn, giant fox­
tail, and velvetleaf and the subsequent rate of growth of each 
species at 35-250C in the growth chamber, Ames, Iowa, 1983 
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Table 3. Corn, giant foxtail, and velvetleaf leaf temperatures as 
influenced by air temperatures of 19 and 9°C in the growth 
chamber, Ames, Iowa, 1983 
Air tempera- Leaf temperature (°C) Z 
ture (OC) Corn Gift Vele 
19 18.6 18.3 17.8 18.24 
9 8.9 9.7 8.1 8.93 
Y 13.7 14.0 13.0 
Thus, it does not appear that any one species is more adept at regulat­
ing plant temperatures, at the two temperatures studied, than another 
species. 
Field Studies 
Field studies were conducted to evaluate the effect of different 
tillage methods and temperatures on corn, giant foxtail, and velvetleaf 
seedling emergence and growth. In one study, planting dates were varied 
to get a range in temperatures; and in the other study, heating cables 
were used to increase soil temperatures. 
Planting date x ti11 age method study 
Air and soil temperatures The date of each of the four plant­
ings and the different mean maximum and minimum air temperatures en­
countered in the 30-day period following planting are shown in Table 4. 
There was about a 10°C range in the mean maximum and minimum air tempera­
tures from the first planting date to the last one. Figure 9 shows the 
maximum daily soil temperatures from May 27 to July 14 at 2.5 cm in no 
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Figure 9. Maximum daily soil temperatures at 2.5 cm depth in no till 
and plots tilled 5-7 cm and at 8 cm depth in plots tilled 
10-12 cm, Curtiss Farm, Ames, Iowa, 1983 
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Table 4. Planting dates and mean maximum and minimum air temperatures 
for 30-day period following planting, Curtiss Farm, Ames, 
Iowa, 1983 
Planting date Mean a1r temperature (°C) 
Maximum Minimum 
April 29 (Dj) 19.9 7.6 
May 12 (Dg) 22.5 9.4 
May 27 (D3) 27.1 14.7 
June 6 (D4) 29.2 17.1 
till and plots tilled 5-7 cm, and at 8 cm in plots tilled 10-12 cm. 
Figures 10 and 11 illustrate the minimum and average temperatures for 
the same plots and time period. The daily maximum and average soil 
temperatures at 2.5 cm in the 5-7 cm tilled plots were significantly 
higher than the no tillage plots, and both of these were higher than 
at the 8 cm depth in the 10-12 cm tilled plots (Table 5). Daily minimum 
soil temperatures were higher at the 8 cm depth in the 10-12 cm tilled 
plots than the no tillage or 5-7 cm tilled plots. 
Number of emerged seedlings The number of corn seedlings that 
emerged was significantly affected by planting date, but no difference 
was observed in the number of seedlings that emerged with the different 
tillage treatments (see analysis of variance. Table 6). There was a 
significant planting date x tillage method interaction affecting giant 
foxtail and velvetleaf seedling emergence. 
Table 7 summarizes the effect the various planting dates had on 
the number of corn, giant foxtail, and velvetleaf seedlings that emerged. 
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Figure 10. Minimum daily soil temperatures at 2.5 cm depth in no 
tillage and plots tilled 5-7 cm and at 8 cm depth in plots 
tilled 10-12 cm, Curtiss Farm, Ames, Iowa, 1983 
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Figure 11. Average daily soil temperatures at 2.5 cm depth in no 
tillage and plots tilled 5-7 cm and at 8 cm depth in plots 
tilled 10-12 cm, Curtiss Farm, Ames, Iowa, 1983 
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Table 5. Mean maximum, minimum, and average soil temperatures at 2.5 
cm depth in no till and plots tilled 5-7 cm and at 8 cm depth 
in plots tilled 10-12 cm for period May 27 through June 14, 
Curtiss Farm, Ames, Iowa, 1983 
Tillage Temperature Mean temperature (°C) 
depth depth (cm) Maximum Minimum Average 
No tillage 2.5 30.51 18.22 22.96 
5-7 cm tillage 2.5 31.50 18.12 23.23 
10-12 cm tillage 8.0 25.91 19.19 22.23 
LSD (5% level) 0.40 0.13 0.18 
Table 6. Analysis of variance summation for seedling emergence data, 
Curtiss Farm, Ames, Iowa, 1983 
Source d.f. Mean squares 
Corn Gift Vele 
Rep 3 87.05** 675.67 4527.47** 
Planting date 3 570.44** 166587.22** 781.86* 
Rep x planting 
date (Error A) 9 33.72 22173.07** 616.81* 
Tillage depth 2 1.39 4222.75 1321.00** 
Tillage depth x 
planting date 6 32.26 36470.97** 526.19* 
Residual 24 16.76 201.28 4441.64 
*,**Indicate significance at the 5% and 1% levels, respectively. 
Table 7. Seedling emergence data, average of three tillage depths, 
as a function of planting date, Curtiss Farm, Ames, Iowa, 
1983 
Planting date Average seedling counts 
a 
X Corn Gift Vele 
27.17 521.50 29.83 192.83 
32.00 274.67 40.17 129.72 
32.67 317.00 24.67 111.06 
43.50 275.83 21:83 113.33 
33.83 347.25 29.13 
3.60 84.94 15.16 
Dl 
P 
LSD (5% level) 
^Average seedling counts presented for corn represent 4 rows x 3 
m, for gift a 0.14 m2 area, and for vele a 3 m? area. 
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As would be expected, the warmer temperatures that accompanied the last 
planting date provided the most favorable environment for corn germina­
tion and emergence. Corn emergence within was significantly greater 
than in the three earlier planting dates. There was no difference in 
the number of corn seedlings that emerged with the second or third 
planting dates. The wet and cool conditions following the first plant­
ing date resulted in significantly less corn emerging than in any of 
the other planting dates. In contrast, the greatest number of giant 
foxtail seedlings emerged within D^. Velvetleaf seedling emergence was 
most prevalent within Dg. 
The influence the different tillage depths had on corn, giant 
foxtail, and velvetleaf seedling emergence is outlined in Table 8. The 
Table 8. Seedling emergence data, average of four planting dates, as 
a function of tillage depth, Curtiss Farm, Ames, Iowa, 1983 
Tillage depth Average seedling counts 
a 
X 
Corn Gift veie 
No tillage 33.94 344.00 19.13 132.36 
5-7 cm tillage 34.06 364.88 31.38 143.44 
10-12 cm tillage 33.50 332.88 36.88 134.42 
Y 33.83 347.25 29.13 
LSD (5% level) 2.99 48.63 10.35 
^Average seedling counts presented for corn represent 4 rows x 3 
m, for gift a 0.14 m^ area, and for vele a 3 m'^ area. 
influences of both planting date and tillage depth on the three species 
are graphically presented in Figures 12-14. As stated earlier, there 
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Figure 12. Corn seedling emergence as influenced by different planting 
dates and tillage depths, Curtiss Farm, Ames, Iowa, 1983 
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planting dates and tillage depths, Curtiss Farm, Ames, 
Iowa, 1983 
46 
50 
40 
es 
E 
m 
M 
'w C 3 
8 
O) 
c 
s 
w 
0) 01 
2 
« 
> 
< 
30 
20 
10 
VELVETLEAF 
TILLAGE DEPTH 
• • No tillage 
O—O 5-7cm tillage 
—A 10-12cm tillage 
I 
April29 IMay 12 
Date of planting. 
27June1 
Figure 14. Velvetleaf seedling emergence as influenced by different 
planting dates and tillage depths, Curtiss Farm, Ames, 
Iowa, 1983 
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were no real differences in the number of corn seedlings that emerged 
with the different tillage depths (Figure 12). The increased corn 
emergence within is clearly evident. The first planting date was 
the most favorable for giant foxtail seedling emergence regardless of 
the tillage treatment (Figure 13). Dg was the least favorable if the 
soil had been tilled. In the no tillage treatments, the later in the 
season the area was evaluated, the less giant foxtail seedlings were 
present. Thus, within there were considerably fewer emerged giant 
foxtail seedlings in the no tillage plots than either the 5-7 cm or 
10-12 cm tilled plots. Velvetleaf seedling emergence was also dependent 
on planting date and tillage depth (Figure 14). Dg was the most favor­
able planting date if the soil had been tilled. As was characteristic 
of giant foxtail, the number of velvetleaf seedlings that emerged within 
no tillage areas decreased as the season progressed. There were con­
siderably fewer velvetleaf seedlings in the no tillage treatments than 
either of the tilled treatments for Dp, D^, and D^. 
Rate of seedling emergence The rate of corn emergence was 
faster the later in the season it was planted (Figure 15). Corn planted 
on Dj did not emerge until about 3 weeks after planting. Seed planted 
on Dg emerged at a slightly faster rate than that of D^. There were 
considerable difference in the rate of corn emergence between Dg and 
Dg with a large percentage of the seed planted on emerging within 
12 days of planting. As would be expected, the warmer soil temperatures 
associated with the fourth planting date provided the best environment 
for corn seedling emergence as evidenced by the fastest rate of emergence. 
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Figure 15. Rate of corn seedling emergence, average of three tillage 
depths, as influenced by planting date, Curtiss Farm, 
Ames, Iowa, 1983 
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In contrast, the fastest rate of emergence of giant foxtail seed­
lings occurred with the first planting date when there was a large 
flush of seedlings emerging and then a decline in numbers later on in 
the season (Figure 16). Planting dates two, three, and four resulted 
in slower rates of giant foxtail emergence with no large differences 
between the three dates. 
Data are not available to compare velvetleaf emergence in all four 
planting dates due to differences in the area evaluated for the first 
counts taken in and Dg. Figure 17 shows the relationship between 
the rate of velvetleaf emergence in D3 and D^. There do not appear 
to be any large differences in the rate of emergence between the two 
dates. 
Dry matter accumulation Results of the analyses.of variance 
for dry matter accumulation of corn, giant foxtail, and velvetleaf are 
shown in Table 9. Corn and velvetleaf growth was significantly affected 
by both planting date and tillage depth at the 1% level. A highly sig­
nificant planting date by tillage depth interaction was observed for 
giant foxtail dry matter accumulation. The dry matter accumulation of 
the three species as a function of planting date is shown in Table 10 
and as a function of tillage depth in Table 11. Graphic presentations 
of these data are shown in Figures 18, 19, and 20. 
The greatest amount of corn growth was associated with the fourth 
planting date (Figure 18). Significantly more dry matter accumulation 
occurred with D^ than the other three planting dates. The rate of corn 
growth within the third planting date was greater than either or 0^. 
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Figure 16. Rate of giant foxtail seedling emergence, average of three 
tillage depths, as influenced by different planting dates, 
Curtiss Farm, Ames, lov/a, 1983 
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Figure 17. Velvet!eaf seedling emergence, average of three tillage 
depths, as influenced by different planting dates, Curtiss 
Farm, Ames, Iowa, 1983 
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Table 9. Analyses of variance summation for dry matter accumulation 
data 
Source d.f. 
Corn 
Mean square 
Gift Vele 
Rep 3 121.21 1.76* 5.94 
Planting date 3 7295.10** 92.67** 96.66** 
Rep X planting 
date (Error A) 9 149.25 0.68 8.58** 
Tillage depth 2 601.17** 0.35 15.27** 
Tillage depth x 
planting date 6 187.27 3.37** 3.24 
Residual 24 86.81 0.43 2.16 
*,**Indicate significance at the 5% and 1% level, respectively. 
Table 10. Effect of planting date on the mean dry matter accumulation 
of com, giant foxtail, and velvetleaf, average of three 
tillage depths, Curtiss Farm, Ames, Iowa, 1983 
Planting date Mean dry weight -
Corn Gift Vele 
19) = 
Di 2.34 0.34 0.38 1.02 
D? 10.04 1.69 2.19 4.64 
0-, 36.96 5.15 6.74 16.28 
DI 55.83 6.20 5.01 22.35 
Y 26.29 3.35 3.58 
LSD (5% level) 9.76 0.82 1.48 
Table 11. Effect of tillage depth on the mean dry matter accumulation 
of corn, giant foxtail, and velvetleaf, average of four 
planting dates, Curtiss Farm, Ames, Iowa, 1983 
Tillage depth Dry matter accumulation % 
Corn Gift Vele 
— (g) 
No tillage 20.32 3.47 2.64 8.81 
5-7 cm tillage 25.98 3.38 3.50 10.95 
10-12 cm tillage 32.57 3.19 4.59 13.45 
Y 26.29 3.35 3.58 
LSD (5% level) 6.80 0.48 1.07 
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ure 18. Effect of planting date and tillage depth on the dry 
matter accumulation of corn 41 days after planting, 
Curtiss Farm, Ames, Iowa, 1983 
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Figure 19. Effect of planting date and tillage depth on the dry matter 
accumulation of giant foxtail 41 days after planting, 
Curtiss Farm, Ames, Iowa, 1983 
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There were no significant difference in the amount of dry matter accumula­
tion of corn that occurred with or Dg. Corn growth was significantly 
greater in the areas tilled 10-12 cm than the no till areas. Tillage 
depths of 5-7 cm resulted in an intermediate amount of corn growth. 
Giant foxtail dry matter accumulation appeared to be favored by 
later planting dates up until (Figure 19). There was a large in­
crease in giant foxtail dry matter accumulation within over in 
the no tillage treatments, a slight increase in the 5-7 cm tilled 
treatments, and a decrease in the 10-12 cm tilled treatments. Possibly 
the warmer, dryer soil conditions of the deeper tilled areas were not 
as favorable for giant foxtail growth as the soil conditions of the no 
tillage areas when air temperatures were higher. Generally speaking, 
there were no differences in giant foxtail dry matter accumulation 
between tillage treatments within Dg, or D3. 
A significantly greater amount of velvetleaf growth occurred within 
Dg than within the other three planting dates (Figure 20). was next 
most favorable for velvetleaf growth, followed by Dg and finally D^. 
Velvetleaf dry matter accumulation was significantly greater in the 
10-12 cm tilled treatments than the 5-7 cm tilled or the no tillage 
treatments. 
Overall, the mean dry matter accumulation of corn was about 7.85 
times greater than giant foxtail and 7.34 times greater than velvetleaf 
during the early season growth period evaluated in this study. 
Relative growth rates within Observations were taken on 
plant height, leaf development and final dry weight of corn, giant 
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foxtail and velvet!eaf within Dg to further evaluate the influence of 
the three different tillage methods on the relative rate of growth of 
the three species. There was no difference in the height of corn, 
giant foxtail or velvet!eaf with the different tillage methods on any 
of the four sampling days (Table 12). Corn grew at a faster rate, in 
terms of plant height, than either of the weed species (Figure 21). 
Velvet!eaf plant height was greater than giant foxtail for the first 
19 days after planting, but then giant foxtail growth surpassed it, 
generally the same relationship that was observed in the growth chamber 
studies. Forty-six days after planting, average corn height was 78.5 
cm, giant foxtail height was 50.3 and velvetleaf height was 43.0 cm. 
No difference in the leaf development of corn, giant foxtail or 
velvetleaf was observed with the different tillage methods 19, 34 or 
46 days after planting (Table 13). For the first 19 days after plant­
ing, there appeared to be no difference in the number of leaves between 
corn and the two weed species (Figure 22). At 34 and 46 days after 
planting, giant foxtail had a greater number of leaves than corn and 
velvetleaf, averaging about 17.48 leaves per plant 46 days after plant­
ing. Velvetleaf averaged 12.45 leaves per plant, whereas corn had the 
fewest number of leaves, averaging 9.92 leaves per plant. 
There was no significant difference in the dry weight of corn or 
giant foxtail with the different tillage treatments (Table 14). The 
different tillage treatments did result in differences in the dry 
weight of velvetleaf witn the mean dry weight in the 10-12 cm tilled 
treatments significantly greater than the 5-7 cm tilled or the no tillage 
Table 12. Analyses of variance summation for plant height data 14, 
19, 34, and 46 days after planting, Curtiss Farm, Ames, 
Iowa, 1983 
Mean squares 
Source Day 14 Day 19 
d.f. Corn Gift Vele d.f. Corn Gift Vele 
Rep 3 2.4928 0.0690 0.5060** 3 3.2145 0.6089 1.2911** 
Tillage 2 1.1165 0.0495 0.0105 2 0.9488 0.3330 0.1530 
Residual 6 1.7071 0.0481 0.0338 6 8.1903 0.2682 0.0587 
*,**Indicate significance at the 5% and 1% level, respectively. 
59 
Mean squares 
Day 34 Day 46 
d.f. Corn Gift Vele d.f. Corn Gift Vele 
2 420.8614 676.6026* 182.1944* 3 8.6603 69.9215 97.1336 
2 12.4545 19.0698 1.7997 2 51.2778 79.8726 76.3251 
4 63.6856 52.7218 13.3741 4 95.9355 40.4924 34.5425 
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Table 13. Analyses of variance summation for leaf development data 19, 34, and 46 days after 
planting, Curtiss Farm, Ames, Iowa, 1983 
Mean squares 
Source 19 days 34 days 46 days 
d.f. Corn Gift Vele d.f. Corn Gift Vele d.f. Corn Gift Vele 
Rep 
Tillage 
Residual 
3 0.0904 0.3637* 
2 0.1030 0.2485 
6 0.1097 0.0511 
0.3929** 2 1.5]35 13.2368 
0.0508 2 0.1301 5.0328 
0.0393 4 0.7422 3.9566 
0.1013* 3 0.5576 
0.0784 2 0.1671 
0.1861 6 0.6183 
132.9891** 1.3643 
2.8366 1.8281 
3.0915 0.6310 
* ** 
> Indicate significance at the 5% and 1% level, respectively. 
Table 14. Analyses of variance summation for dry weight data, Curtiss Farm, Ames, Iowa, 1983 
Source d.f. Mean squares 
Corn Gift Vele 
Rep 
Tillage 
Residual 
3 
2 
6 
4.3048 
7.0928 
10.9776 
1.1121** 
0.1827 
0.0757 
1.5104* 
1.5493* 
0.2321 
*,**Indicate significance at the 5% and 1% level, respectively. 
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Figure 22. Leaf development of corn, giant foxtail, and velvetleaf, 
average of three tillage depths, for Do, Curtiss Farm, 
Ames, Iowa, 1983 
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treatments (Table 15). The dry weight of corn was 8.148 times greater 
than giant foxtail and 5.451 times greater than velvetleaf. 
Table 15. Influence of different tillage depths on the dry weight of 
corn, giant foxtail. and velvetleaf. Curtiss Farm, Ames, 
Iowa, 1983 
Tillage depth Dry weight (q) X 
Corn Gift Vele 
No tillage 7.01 0.82 1.04 2.96 
5-7 cm till age 8.93 1.05 1.38 3.79 
10-12 cm tillage 9.56 1.25 2.25 4.36 
Y 8.50 1.04 1.56 
LSD (5% level) 5.73 0.48 0.83 
The leaf development and dry weight of corn and velvetleaf were 
highly correlated to plant height (Table 16). The same high positive 
correlation was not observed for giant foxtail leaf development or dry 
weight. 
Table 16. Correlation of leaf number and dry weight on height for 
corn, giant foxtail, and velvetleaf, Curtiss Farm, Ames, 
Iowa, 1983 
Species 
Correlation coefficients 
Day 19 Day 34 Day 46 
Dry 
wei ght 
( g )  
Corn 0.812** 0.928** 0.900** 0.905** 
Gift 0.317* 0.252 0.088 0.488** 
Vele 0.795** 0.889** 0.754** 0.856** 
*,**Indicate significance at the 5% and 1% level, respectively. 
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Soil temperature x tillage method study 
To determine differences in the response of corn and the two weed 
species to warmer soil temperatures heating cables were used to in­
crease the temperature of the soil. Evaluations were made on seedling 
emergence and growth rates in tilled and untilled areas. 
Soil temperatures Maximum daily soil temperatures at 2.5 cm 
for the different temperature and tillage treatments are shown in 
Figure 23. The average maximum temperature for the period May 12 
through June 16 was 5.12°C higher in the tilled areas with the heating 
cables than in tilled areas without the heating cables and 6.24°C 
higher in no till areas with cables than in no till areas without 
cables. The temperature in the tilled areas averaged 2.16°C higher 
than the no till areas in treatments without the heating cables and 
1.02°C higher in treatments with heating cables. 
There were significant differences in the soil surface tempera­
tures with the different temperature treatments, but no differences 
were detected between the two different tillage treatments (Table 17). 
The two treatments which used heating cables to increase soil tempera­
tures had significantly greater soil surface temperatures than the treat­
ment in which soil temperatures were not increased artificially (Table 
18) .  
Soil-plant temperatures Soil surface temperatures, taken at 
the base of each plant, averaged 6.12°C higher in plots where the soil 
temperatures were increased at planting than in plots receiving no 
temperature increase treatment (Table 19). Leaf surface temperatures 
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Figure 23. Maximum daily soil temperatures at 2.5 cm depth in tilled 
and no till plots with and without heating cables. Hinds 
Farm, Ames, Iowa, 1983 
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Table 17. Analyses of variance summation for soil surface tempera­
tures, Hinds Farm, Ames, Iowa, 1983 
Source d.f. 
Mean square 
surface temperature 
oc 
Rep 3 0.2712 
Temperature 2 40.2554** 
Rep X temperature 6 0.5385 
Tillage 1 0.2109 
Tillage x temperature 2 0.1113 
Residual 9 0.7607 
**Indicates significance at the 1% level. 
Table 18. Effect of temperature treatments on soil surface tempera­
tures, Hinds Farm, Ames, Iowa, 1983 
Soil temperature treatment Surface temperature 
Not increased 
Increased after 13 days 
Increased at planting 
Y 
LSD (5% level) 
20.9 
24.6 
24.9 
23.5 
0 .8  
Table 19. Effect of temperature treatments on soil surface and leaf 
surface temperatures of corn, giant foxtail, and velvet-
leaf, Hinds Farm, Ames, Iowa, 1983 
Temperature QÇ 
Soil temperature sift Vele 
treatment 
Soil Leaf Soil Leaf Soil Leaf 
Not increased 31.9 30.8 33.1 30.8 34.4 29.5 31.8 
Increased at planting 38.7 33.4 39.4 34.8 39.7 32.7 36.6 
Y 35.3 32.1 36.3 32.8 37.1 31.1 
LSD (5% level) 1.5 1.3 3.3 2.0 4.5 1.3 
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of corn, giant foxtail and velvetleaf were 2.64, 4.01 and 3.19°C higher 
with the increased soil temperature treatment. There was a high posi­
tive correlation between soil surface temperatures and leaf surface 
temperatures for all three species (Table 20). 
Table 20. Correlation of mean leaf surface temperatures on soil 
surface temperatures for corn, giant foxtail, and velvet-
leaf, Hinds Farm, Ames, Iowa, 1983 
Species Correlation coefficient 
Corn 0.923** 
Gift 0.986** 
Vele 0.936** 
**Indicates significance at the 1% level of probability. 
Seedling emergence The results of the analyses of variance for 
early (12 days after planting) seedling emergence counts are presented 
in Table 21. The emergence of corn and giant foxtail was significantly 
affected by increased soil temperatures. Although not significant at 
the 5% level, the emergence of velvetleaf also appeared to be positive­
ly affected by the warmer soil temperatures (Table 22). The presence 
or absence of tillage did not significantly influence the emergence of 
any of the three species at this early counting date (Table 23). 
Seedling counts taken 22 days after planting did not exhibit any 
significant differences between the soil temperature or tillage treat­
ments with respect to the number of corn plants that emerged (Table 24). 
Giant foxtail seedling emergence was significantly affected by both 
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Table 21. Analyses of variance sunmation for early seedling emergence 
data taken 12 days after planting. Hinds Farm, Ames, Iowa, 
1983 
source d.f. "can squares 
Corn Gift Vele 
Rep 1 0.50 4371.125* 12.500 
Soil temperature 1 1058.00** 17391.125* 18.000 
Rep X soil 
temperature 1 0.5 55.125 12.500 
Tillage 1 4.5 435.125 18.000 
Tillage x soil 
temperature 1 4.5 903.125 18.000 
Residual 2 16.0 172.125 14.500 
*,**Indicate significance at the 5% and 1% level, respectively. 
Table 22. Effect of increased soil temperatures on the emergence 
of corn, giant foxtail, and velvetleaf 12 days after 
planting, average of two tillage treatments. Hinds Farm, 
Ames, Icwa, 1933 
Soil temperature Average seedling counts® X 
Corn Gi ft ve le 
Not increased 0.00 29.75 1.00 10.25 
Increased at planting 23.00 123.00 4.00 50.00 
Y 11.50 76.38 2.50 
LSD (5% level) 4.91 40.26 7.91 
^Values presented for corn represent 6 rows x 0.914 m and for 
giant foxtail and velvetleaf a 0.063 m2 area. 
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Table 23. Effect of tillage on the emergence of corn, giant foxtail, 
and velvetleaf 12 days after planting, average of two soil 
temperature treatments. Hinds Farm, Ames, Iowa, 1983 
Tillage Average seedling counts^ X 
Corn Gift Vele 
No tillage 10.75 83.75 1.00 31.833 
Tilled 10-12 cm 12.25 69.00 4.00 28.417 
Y 11.50 76.375 2.50 
LSD (5% level) 8.60 39.91 11.58 
^Values presented for corn represent 6 rows x 0.914 m and for 
giant foxtail and velvetleaf a 0.063 m^ area. 
Table 24. Analyses of variance summation for seedling emergence data 
taken 22 days after planting. Hinds Farm, Ames, Iowa, 1983 
source d.f. Me*" squares 
Corn Gift Vele 
Rep 3 1.264 2892.597 308.944 
Soil temperature 2 3.042 24265.292* 434.542% 
Rep X soil 
temperature 6 1.264 6974.681* 87.819 
Tillage depth 1 0.042 5370.042* 580.167 
Tillage depth x soil 
temperature 2 0.792 449.042 314.542 
Residual 9 0.431 1256.375 207.083 
*,*Indicate significance at the 10% and 5% level, respectively. 
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soil temperature and tillage treatments at the 10% level of probability. 
There were also differences in velvetleaf emergence with the different 
soil temperature treatments at the 10% probability level. Seedling 
emergence as a function of soil temperature treatment is shown in 
Table 25. No large differences in corn emergence with the different 
soil temperature treatments could be determined from these counts. 
Table 25. Effect of increased soil temperatures on the emergence of 
corn, giant foxtail, and velvetleaf 22 days after plant­
ing, average of two tillage treatments. Hinds Farm, Ames, 
Iowa, 1983 
Soil temperature Average seedling counts/0.14 
Corn Gift Vele 
Not increased 2.25 92.25 6.50 33 .67 
Increased after 13 days 3.25 105.00 4.88 37 .71 
Increased at planting 3.38 193.38 18.38 71 .71 
Y 2.96 130.21 9.92 
LSD (5% level) 0.74 41.69 17.43 
Giant foxtail seedling emergence was greater when soil temperatures 
were increased at planting over when the temperature was increased 
13 days after planting or not increased at all. Velvetleaf emergence 
appeared to be greater when the soil temperature was increased at plant­
ing. 
The effect of tillage depth on corn, giant foxtail, and velvetleaf 
emergence 22 days after planting is summarized in Table 25. No dif­
ference in corn emergence with the different tillage treatments was 
detected. Although not statistically significant, giant foxtail 
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Table 26. Effect of tillage on the emergence of corn, giant foxtail, 
and velvet!eaf 22 days after planting, average of three 
soil temperature treatments. Hinds Farm, Ames, Iowa, 1983 
Average seedling counts/0.14 m^ 
Corn Gift Vele 
No tillage 2.92 145.17 5.00 51.03 
Tilled 10-12 cm 3.00 115.25 14.83 44.36 
Y 2.96 130.21 9.92 
LSD (5% level) 0.61 32.73 13.29 
emergence appeared slightly greater in the no till areas whereas 
velvetleaf emergence appeared to be favored by the tillage treatment. 
Dry matter accumulation Dry matter accumulation was used to 
make comparisons in the relative rate of growth of corn and the two 
weed species with the different temperature and tillage treatments. 
The three different temperature treatments significantly affected the 
growth of corn, giant foxtail, and velvetleaf (Table 27). A significant 
soil temperature x tillage method Interaction affected the dry matter 
accumulation of corn and giant foxtail. 
Table 28 illustrates the effect of increasing soil temperatures on 
the dry matter accumulation of the three species. There was an in­
crease in the dry matter accumulation of corn, giant foxtail, and 
velvetleaf when the soil temperature was increased 13 days after 
planting and an even greater increase when the soil was heated right 
at planting. 
Tillage did not appear to affect the dry matter accumulation of 
the two weed species (Table 29). There was an increase in the dry 
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Table 27. Analyses of variance summation for dry matter accumulation 
data. Hinds Farm, Ames, Iowa, 1983 
Source d.f • Mean square 
Corn Gift Vele 
Rep 3 0.216 0.016 0.024 
Soil temperature 2 89.581** 0.265** 0.559** 
Rep X soil temperature 6 2.060 0.008 0.065 
Tillage 1 18.975** 0.001 0.122 
Tillage x soil temperature 2 9.126* 0.048** 0.003 
Residual 9 1.533 0.005 0.059 
*,**Indicate significance at the 5% and \% level, respectively. 
Table 28. Effect of increased soil temperatures on the dry matter 
accumulation of corn, giant foxtail, and velvetleaf, 
average of two tillage treatments. Hinds Farm, Ames, Iowa, 
1983 
Soil temperature Dry matter accumulation (g) ;  
Corn Gift Vele 
Not increased 1.91 0.17 0.51 0.86 
Increased after 13 days 4.29 0.44 0.84 1.85 
Increased at planting 8.52 0.52 1.03 3.35 
Y 4.91 0.38 0.79 
LSD (5% level) 2.25 0.12 0.25 
Table 29. Effect of tillage on the mean dry matter accumulation of 
corn, giant foxtail, and velvetleaf, average of three soil 
temperature treatments. Hinds Farm, Ames, Iowa, 1983 
Tillage Dry matter accumulation (q) X 
Corn Gift Vele 
No tillage 4.02 0.38 0.72 1.71 
Tilled 10-12 cm 5.80 0.37 0.86 2.34 
Y 4.91 0.33 0.79 
LSD (5% level) 1.14 0.07 0.22 
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matter accumulation of corn with the tilled treatment over the no 
tillage treatment when the soil temperature was increased (Figure 24). 
The overall dry matter accumulation of corn was about 6.21 times 
greater than velvetleaf and 12.95 times greater than giant foxtail. 
Plant height The increase in average height of corn, giant 
foxtail, and velvetleaf with time was monitored to determine differ­
ences in the relative growth rates with the different temperature and 
tillage treatments. The increased soil temperatures significantly 
affected the height of corn and velvetleaf for the first 40 days after 
planting (Table 30). Giant foxtail height was not significantly 
affected by the different temperature treatments. There were no sig­
nificant differences in the height of the three species in response 
to the different tillage treatments. 
The increased soil temperatures did promote faster growth of corn 
and velvetleaf early in the season but later significant differences 
could not be detected (Table 31). In areas where soil, temperatures 
were increased right at planting the average height of corn, 33 days 
after planting, was significantly greater than where the temperature 
had been increased 13 days after planting or not increased at all. 
By 40 days after planting, both treatments in which the soil tempera­
ture had been increased were significantly greater than the treatment 
which involved no temperature increase. As already stated, no differ­
ences in plant height could be detected after 47 days. Velvetleaf 
growth after 33 days was significantly greater with the warmer soil 
temperatures right at planting than when they were increased 13 days 
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Figure 24. Effect of soil temperature treatments and tillage depth 
of the dry matter accumulation of corn, giant foxtail, 
and velvetleaf. Hinds Farm, Ames, Iowa, 1983 
Table 30. Analysis of variance summation for plant height data 33, 40, and 47 days after plant­
ing, Hinds Farm, Ames, Iowa, 1983 
Mean squares 
Source d.f. Day 33 Day 40 Day 47 
Corn Gift Vele Corn Gift Vele Corn Gift Vele 
Rep 3 14.964 0.897* 0.364 14.995 3.121* 0.113 35.037 11.340 1.596 
Temperature 2 98.555** 0.466 5.621* 123.948* 2.221 4.845* 122.452 10.013 2.854 
Rep X temperature 6 7.093 0.220 0.692 16.385 2.559* 0.792 34.403 7.904 3.120 
Tillage 1 9.475 0.001 0.774 12.702 0.194 0.177 14.570 2.833 0.006 
Tillage x temperature 2 1.932 0.017 0.043 15.251 0.941* 0.631 66.194 4.820 4.825 
Residual 9 4.841 0.204 0.225 11.007 0.218 0.343 23.286 2.972 1.970 
*,**Indicate significance at the 5% and 1% level, respectively. 
Table 31. Effect of different soil temperatures on the mean height of corn, giant foxtail, and 
velvetleaf 33, 40 and 47 days after planting, average of two tillage treatments. 
Hinds Farm, Ames, Iowa, 1983 
Plant height (cm) 
Temperature Day 33 Day 40 Day 47 X 
Corn Gift Vele Corn Gift Vele Corn Gift Vele 
Not increased 17.0 1.9 3.1 21.5 3.0 3.9 30.2 7.1 6.1 10.4 
Increased after 13 days 19.2 2.3 3.8 25.8 4.1 4.9 35.0 7.6 7.2 12.2 
Increased at planting 23.8 1.9 4.8 29.4 3.5 5.4 37.9 5.5 7.1 13.3 
7 20.0 2.0 3.9 25.6 3.5 4.7 34.4 6.7 6.8 
LSD (5% level) 2.4 0.9 0.5 3.7 0.6 0.7 5.9 2.0 1.6 
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after planting; both were greater than when no temperature increase 
occurred. After 40 days, there were no significant differences between 
the two treatments which increased soil temperatures but again both 
resulted in faster velvetleaf growth than the treatment which involved 
no temperature increase. Forty-seven days after planting, no difference 
in velvetleaf height between treatments was observed. Giant foxtail 
height was not significantly different with any of the temperature 
treatments throughout this evaluation period. Figures 25, 26, and 27 
illustrate graphically the effect of the temperature treatments on corn, 
giant foxtail, and velvetleaf plant heights. 
Figure 28 compares the overall mean height of corn, giant foxtail, 
and velvetleaf. Early in the season,, there was considerable difference 
between giant foxtail and velvetleaf heights but as time progressed, 
the difference narrowed. Thirty-three days after planting, the average 
height of corn was 9.8 times greater than giant foxtail and 5.1 times 
greater than velvetleaf. By 40 days, it was 7.3 times greater than 
giant foxtail and still only about 5.4 times greater than velvetleaf. 
After 47 days, the difference between giant foxtail and velvetleaf was 
hardly detectable, with the average height of corn 5.1 times greater 
than giant foxtail and 5.0 times greater than velvetleaf. 
50|-
«0 -
e 
£ O) 
•3 
X 
*•' 
c 
J2 Q. 
CORN 
Temperature treatment 
• • Not increased 
• Increased after 13 days 
• Increased at planting 
30 33 47 50 
00 
Days after planting 
Figure 2 5 .  Effect of different soil temperature treatments on the growth rate of corn, 
average of two tillage treatments, Hinds Farm, Ames, Iowa, 1983 
GIANT FOXTAIL 
Temperature treatment 
—# Not increased 
• increased after 13 days 
#——# Increased at planting 
lO 
20 30 33 
Days after planting 
47 50 
Figure 26. Effect of different soil temperature treatments on the growth rate of giant 
foxtail, average of two tillage treatments, Hinds Farm, Ames, Iowa, 1983 
lOr-
e 
X O) 
"53 
X 
%' 5 -
c j2 
a. 
VELVET LEAF 
Temperature treatment. 
• • Not Increased 
• Increased after 13 days 
^ Increased at planting 
§ 
20 30 33 
Days after planting 
47 50 
Figure 27. Effect of different soil temperature treatments on the growth rate of 
velvetleaf, average of two tillage treatments. Hinds Farm, Ames, Iowa, 
1983 
81 
40 
-# Corn 
-# Giant Foxtail 
Velvetleaf 
30 
20 
10 
0 
0 47 50 10 30 33 40 20 
Days after planting 
Figure 28. Relative growth rate of corn, giant foxtail, and velvetleaf. 
Hinds Farm, Ames, Iowa, 1983 
82 
DISCUSSION 
Percent corn germination was reduced only by the 10°C temperature 
treatment in germination studies. This is in agreement with results 
obtained by Blacklow (1972) who reported no elongation of the radicle 
of corn at 9°C. Since the other temperature treatments were more 
moderate and closer to temperatures encountered in an average corn 
growing season, no reduction in corn germination was expected. Giant 
foxtail germination was also reduced by the 10°C treatment, but velvet-
leaf germination was not, suggesting that it is the most cold tolerant 
of the species tested. There was a reduction in velvetleaf germination 
with the 25°C treatment. Since there was no difference in experimental 
procedures and no previous report of reduced velvetleaf germination at 
25°C was found in the literature, a plausible explanation is not readily 
apparent. Hendricks and Taylorson (1976) reported velvetleaf germina­
tion at temperatures as high as 40°C. 
In growth chamber studies, velvetleaf again appeared to be the 
most cold tolerant, emerging before corn and giant foxtail at tempera­
ture treatments of 14/9 and 24/9°C. Winter (1960b) reported 100% germina­
tion of pretreated velvetleaf seeds within 4 days at 15°C. It appears 
that velvetleaf can germinate over a considerable range of temperatures 
as was found in this study and reported by Hendricks and Taylorson 
(1976) who found velvetleaf to germinate at temperatures from 15 to 40°C. 
Thus, temperature would not seem to be the deciding factor in whether or 
not nondormant velvetleaf seeds germinated. 
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Stanway (1971) reported alternating temperatures of 20/30°C were 
optimum for giant foxtail germination, while King (1952) found tempera­
tures of 21/37°C were the most favorable. In this study, 25/15 and 
35/25°C temperatures appeared to be the most favorable for giant fox­
tail germination and emergence (Table 2). The 35/25°C treatment did 
not decrease the number.of emerging giant foxtail seedlings, somewhat 
contrary to findings of Hendricks and Taylorson (1976) who reported 
decreased giant foxtail germination as temperatures increased from 30 
to 35°C. 
Corn emergence was reduced with the 14/9 and 24/9°C temperature 
treatments. These results concur with the results of the germination 
studies. 
After emergence, corn grew faster than giant foxtail and velvet-
leaf at all temperature regimes studied. This is in agreement with 
findings of Frazee and Stoller (1974) who reported that corn grew at 
a faster rate than 7 different dicotyledonous weed species, including 
velvetleaf, at growth chamber temperatures of 18/12, 24/18, and 30/24°C. 
Due to excessive rainfall in the spring of 1983, field studies were 
started later than originally planned. One objective of this study was 
to evaluate the response of the three species to cold conditions so 
the first planting date was to be initiated as soon as the soil could 
be worked. Since there was above average rainfall in the spring, 
moisture was not a limiting factor affecting germination and early 
growth. 
As would be expected, corn emergence was favored by the warmer 
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conditions of the later planting dates (Table 7). Harper et al. (1953) 
also studied the effect of planting dates and reported that optimum 
corn emergence occurred with later planting dates. The greatest number 
of giant foxtail seedlings emerged with the earliest planting date, 
whereas velvetleaf emergence was greatest with the second planting 
date. This is somewhat contrary to the growth chamber results which 
inferred velvetleaf was the most cold tolerant and would presumably 
emerge first in the field. One possible explanation is that since 
velvetleaf seeds have a high degree of dormancy due to their hard seed 
coat, they may require more time and varying environment conditions to 
fracture the seed coat and allow germination to occur. Giant foxtail 
seeds do not possess the same degree of dormancy as velvetleaf and thus 
were able to germinate when subjected to ample rainfall and sufficiently 
warm temperatures. Also, the number of giant foxtail seedlings that 
emerged with any planting date was much greater than velvetleaf seedling 
emergence. Thus, they were not as subject to varying populations within 
the field as may have been the case with velvetleaf. Becker (1978) and 
Lugo (1984) reported that giant foxtail and velvetleaf emergence was 
greatest early in the season in central Iowa. 
Tillage depths did not significantly affect the number of corn 
seedlings that emerged. Giant foxtail and velvetleaf seedling emergence 
decreased with the later planting dates in no tillage treatments. This 
was probably due to the fact that in the no tillage areas, no new seeds 
are brought to the upper soil layers where conditions are more favorable 
for germination. Those seeds that had their requirements met for 
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gemination already emerged and were killed before planting by a non­
selective herbicide. 
The warmer conditions accompanying the later planting dates pro­
vided a better environment for early corn growth (Table 10), substanti­
ating results from the growth chamber study which showed a faster rate 
of growth of corn with warmer temperature regimes. Tillage 10-12 cm 
was more favorable for early corn growth than no tillage, probably due 
mainly to the warmer soil conditions with the tilled areas (Table 11). 
Giant foxtail growth increased with each successive planting date 
in the no tillage areas (Figure 19). With the tilled areas, the growth 
rate increased up until the third planting date but then either only 
rose slightly or decreased. The tilled areas may have been too dry or 
warm for optimum giant foxtail growth with the last planting or perhaps 
giant foxtail is more adapted to no tillage conditions and thus growth 
was favored. 
The third planting date was most conducive to early velvetleaf 
growth as was the 10-12 cm tillage depth (Figure 20). If there had been 
more rainfall after the last planting date, velvetleaf growth may not 
have decreased, but conditions were relatively hot and dry following D^. 
While the growth of both corn and velvetleaf was greater with the 
10-12 cm tillage treatment than with no tillage when data were averaged 
over all planting dates, growth of giant foxtail was not significantly 
affected by tillage treatment (Table 11). The fact that giant foxtail 
dry matter accumulation was as great with the no tillage treatment as 
with 10-12 cm tillage indicates that this species is well-adapted to no 
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tillage conditions. Giant foxtail might be expected to be a prevalent 
weed problem in reduced tillage or no tillage fields. 
Where tillage is practiced, it appears that corn growth is favored 
by warmer temperatures whereas giant foxtail and velvetleaf growth may 
be decreased. 
Increasing soil temperatures using heating cables resulted in a 
significant increase in the emergence of corn and giant foxtail and an 
apparent increase in velvetleaf emergence (Table 22). The warmer soil 
temperatures also resulted in increased growth of all three species com­
pared to unheated soil treatments. These results are generally what 
would be expected. They agree with results of Mederski and Jones (1963) 
who reported faster corn emergence when heating cables were used and 
results of Willis et al. (1957) who found faster corn emergence and 
increased growth rates with the higher soil temperatures resulting from 
heating cables. 
Generally speaking, corn growth was faster than giant foxtail or 
velvetleaf in growth chamber and field studies. But due to the large 
population of weed seeds present in the field and the dormancy properties 
of many weed seeds which allow them to pose a problem year after year, 
corn growth could be significantly reduced if weeds such as giant fox­
tail or velvetleaf were not controlled. 
Results of these studies suggest that corn planting dates do not 
need to be changed as tillage is reduced. While corn growth was reduced 
at the earliest planting date, compared to later dates, corn still grew 
more rapidly than both weed species. This v/as true for all tillage 
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treatments. Changes in tillage may affect the establishment and com­
petitive ability of weeds. With no tillage, establishment of both 
giant foxtail and velvetleaf declined with the late planting date. 
Shifts in predominant weed species may be expected to occur as tillage 
is reduced. Giant foxtail dry matter accumulation was not affected by 
tillage treatment, while velvetleaf was favored by tillage. This result 
agrees with observations of extension weed specialists that giant fox­
tail is a significant weed problem in no-till fields, but velvetleaf 
problems sometimes decline over time after changing to no-till. 
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CONCLUSIONS 
Preplant tillage practices in the past have prepared an environment 
favorable for early crop seed germination and a subsequent competitive 
advantage of the crop over slower and less uniformly germinating weed 
seeds. With increased concern for soil conservation, the resulting trend 
toward reduced tillage may alter the germination and early growth of 
both crop and weed species. This study was initiated to compare the 
emergence and early growth rates of corn, giant foxtail, and velvetleaf 
under different environmental and cultural conditions. 
Germination studies showed velvetleaf to be the most cold tolerant 
of the three species with no inhibition of germination at 10°C. Corn 
and giant foxtail germination appeared to be reduced with the 10°C 
treatment. 
In growth chamber studies, velvetleaf again proved to be the most 
cold tolerant, emerging before corn and giant foxtail at temperature 
treatments of 14/9 and 24/9°C. Emergence and growth of all three species 
was optimum at the warmest temperature treatment of 35/25°C. The rate 
of growth of corn was faster than the two weed species. In most in­
stances, velvetleaf grew at a faster rate than giant foxtail initially 
but within a few days giant foxtail growth surpassed it. No difference 
in leaf surface temperatures between corn, giant foxtail, or velvetleaf 
was evident at growth chamber temperatures of 19 and 9°C. 
Depth of tillage affected soil temperatures. At the 2.5 cm depth, 
daily maximum and average soil temperatures were significantly higher in 
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5-7 cm tilled areas than in no till areas. 
In the field, corn emergence was greater with the last planting 
date in early June. Less corn emerged with the first planting date than 
with any of the other three planting dates. Giant foxtail emergence 
was maximum with the first planting date, whereas velvetleaf emergence 
appeared to be favored by the second planting date. Depth of tillage 
did not significantly affect the number of corn seedlings that emerged. 
The number of giant foxtail and velvetleaf seedlings that emerged in no 
till areas decreased with the later planting dates. Corn growth was 
significantly greater with the warmer conditions of the fourth planting 
date. The 10-12 cm tilled treatments resulted in a greater amount of 
dry matter accumulation of corn than the no till treatments. Giant fox­
tail growth appeared to be enhanced by later planting dates up to the 
last planting date when dry matter accumulation in areas tilled 10-12 
cm was decreased. The greatest amount of velvetleaf growth occurred 
with the third planting date in late May and with the 10-12 cm tillage 
treatments. Overall corn growth, in terms of dry matter accumulation, 
was over 7 times greater than either giant foxtail or velvetleaf. 
Increased soil temperatures provided by heating cables resulted in 
higher leaf surface temperatures of corn, giant foxtail, and velvetleaf. 
Corn and giant foxtail seedling emergence was significantly greater with 
the warmer soil temperatures. Corn, giant foxtail, and velvetleaf 
growth in terms of dry matter accumulation was greater with the warmer 
soil temperature treatments. Tillage of 10-12 cm resulted in a greater 
amount of dry matter accumulation of corn than in no till areas. Tillage 
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treatments did not affect giant foxtail or velvet!eaf growth signifi­
cantly. 
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